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Abstract
           In  the  present  work,  steady two  – dimensional  laminar  natural  convection  heat 
transfer of Newtonian and non-Newtonian fluids inside isosceles triangular enclosure has 
been analyzed numerically for a wide range of the modified Rayleigh numbers of (10
3 ≤ Ra
≤ 10
5), with non-dimensional parameter (NE) of Prandtl – Eyring model ranging from (0 to 
10), and modified Prandtl number take in the range (Pr* =1,10, and 100). Two types of 
boundary conditions have been considered. The first, when the inclined walls are heated 
with different uniform temperatures and the lower wall is insulated. The second, when the 
bottom wall is  heated  by applying a uniform heat  flux  while the inclined walls  at  the 
constant  cold  temperature.  Also,  the  non-Newtonian  fluids  under  consideration were 
assumed  to  obey  the  Prandtl  – Eyring  model..The  results  are  presented  in  terms  of 
isotherms and streamlines to show the behavior of the fluid flow and temperature fields. In 
addition, some graphics are presented the relation between average Nusselt number and the 
various parameters. The results show the effect of non – dimensional parameter (NE) on the 
velocity and temperature profiles. They also show that the average Nusselt number is a 
strong function of modified Rayleigh number, modified Prandtl number, non-dimensional 
parameter, and the boundary conditions. Four different correlations have been made  to 
show the dependence of the average Nusselt number on the non-dimensional parameter, the 
modified Rayleigh and Prandtl numbers.
Keywords: Natural Convection – Non-Newtonian Fluids – Triangular Enclosures -  Finite 
Differences Method. 
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Nomenclature
A.&.B : Fluid consistency indices for the Prandtl –
Eyring model (kg/m.s
2) & (s)
g         : Gravitational acceleration (m/ s
2).         
h         : Heat transfer coefficient (W /m
2.K ).
k         : Thermal conductivity of fluid (W/m. K ).
L         : Width and Height of enclosure (m).
Lc       : Length of the inclined wall (m). 
NE :Fluid index of Prandtl – Eyring model
2 L
B α
 .  
  
Nu      : Nusselt  number = 
) ( c h T T k
qL

.
Nua      : Average Nusselt number    .
P        : Pressure (Pa).
Pr      : Prandtl number = (υ /α).
Pr
*   : Modified Prandtl number = 
α ρ
AB
o
.
q      : Heat flux (W /m
2).
Ra     : Modified Rayleigh number 
= 



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4
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E
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T      :  Temperature (K). 
u      : Fluid velocity in x-direction (m/s).                           
v      : Fluid velocity in y-direction (m/s).
x& y  : Cartesian coordinates.
Greek Symbols   
α      : Thermal diffusivity (m
2/s).
β      : Thermal expansion coefficient (1/K ).
f       : Any arbitrary function,  f (x,y).
ΔT   :  Temperature difference (K).
y x Δ Δ & : Regular  grid  size  in  the  x and  y
directions, respectively (m).
r r y x Δ Δ & : Irregular grid size in the x and y
directions, respectively (m).
θ     :  Dimensionless temperature
= 
               
k
qL
T T
              
T T
T T
c
c h
c

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








B.C.2 for 
B.C.1 for 
μ    : Dynamic viscosity, (kg/m.s).
υ    :  Kinematic viscosity of fluid (m
2/s).
ρ    : Density (kg/m
3).
xx τ : Normal stress in the x direction.
yx τ : Shear stress (Pa) =



 







 luid NewtonianF fornon
anFluid forNewtoni
)
y
u
B sinh A 
y
u
μ
1(
yy τ : Normal stress in the y direction.
ψ    : Stream function (m
2/s).
ω : Vorticity (1/s). 
1. Introduction   
            Natural convection in enclosures, has 
been  extensively  studied  due  to  it’s  wide 
ranging  applications  such  as  building 
insulation,  solar  cavity  receivers,  ventilation 
of  rooms,  storage  of  grease,  mineral  oil,  or 
crude  oil  in  containers,  nuclear  reactor 
insulation, crystal growth in liquids, and the 
cooling  of  electrical  components  [1]. 
However,  the  efforts  have  been  mainly 
directed  toward  the  investigation  of 
convection  in  rectangular  enclosures,  which 
may be leveled or tilted. Relatively, very little 
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attention  is  focused  on  the  study  of  natural 
convection in triangular enclosures. In the present 
work, a numerical study is performed to analyze the 
natural convection heat transfer of Newtonian and 
non – Newtonian fluids inside triangular enclosure 
under two different cases of boundary conditions.
The fluid motion and heat transfer are affected by 
modified  Rayleigh  number,  modified Prandtl 
number, and non – dimensional parameter (NE) of 
Prandtl  – Eyring  model.  The  non  – dimensional 
parameter (NE) determines the nature of fluid, that 
is, Newtonian (NE = 0) and non – Newtonian fluids 
(NE >  0).  The  mass,  momentum,  and  energy 
conservation  equations,  which  are  considered  to 
describe the fluid flow and heat transfer for natural 
convection are nonlinear and because of this non 
linearity, some difficulties have arisen in numerical 
as  well  as  in  analytical  studies [2].  One  of  the 
greatest  difficulties  with  the  numerical  studies  is 
the problem of divergence of the iterative methods 
since an analytical solution of the actual problem is 
extremely  difficult,  if  not  possible,  a  number  of 
assumptions together with the computational fluid 
dynamic techniques are used to obtain approximate 
results [3]. 
  2. Mathematical Formulation :-
            The schematic of the physical model and 
the  coordinate  system  are  shown  in  Fig.(1).  It  is 
isosceles triangular region of width (L) and height 
(L) under two different cases of thermal boundary 
conditions, these boundary conditions are: 
Case(I) :-
        The inclined walls are heated with different 
uniform  temperatures  ( c h T T & )    and  the  lower 
wall is perfectly insulated (B.C.1), as shown 
in (Fig.1a).
Case(II) :-  
            The lower wall is heated by applying 
a uniform heat flux (q) and the inclined walls 
are  isothermally  cooled  ( c T )  (B.C.2),  as 
shown in (Fig.1b). Density is also considered 
as constant value  but for  buoyant term  it  is
linearised by relation:
)] ( [ o o T T β ρ ρ    1                                                                                                                
were  β is  thermal  expansion  coefficient  for 
temperature  o T .
        The depth of the region is assumed to be 
sufficiently large so that the flow and the heat 
transfer  are  two  dimensional.  The  fluid 
considered is non – Newtonian and the flow
laminar.  For  the  present  physical  model, 
subject  to  the  Boussinesque  approximation, 
the  governing  equations  in  their  primitive 
form, are given by:
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In the above equations, (u, v, α, P, T ) are the 
fluid  velocity  components,  the  thermal 
diffusivity, the pressure and the temperature.
In  fact  Eqs.(2  to  5)  are  system  of  partial 
differential equations. They are the base  for 
natural  convection  phenomenon  for  2D 
(1)   
(2)
(4)   
(5)   
(3)   
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enclosures,  presented  by  mass,  momentum  and 
energy conservation equations. As was mentioned 
in Ref.[4], the Prandtl – Eyring model for non –
Newtonian fluids can be represented as:
) (
y
u
B  sinh A τ



1                                                                                                        
Hence, the shear stresses:
) (
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u
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where A and B are the fluid consistency indices for 
the Prandtl – Eyring model.
            Since  it  proves  to  be  more  convenient  to 
work in terms of a stream function and vorticity, 
the stream function ψ(x,y) is introduced in the usual 
manner:
y
ψ
u


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x
ψ
v


                                                                                                            
            It is evident from Eq.(10) that the stream 
function satisfies the continuity equation 
identically. Further more, for this plane flow field, 
the only non – zero component of the vorticity is:  
y
u
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v
ω
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
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
                                                                                                         
     Combining  the  definition  of  vorticity  and  the 
velocity  components  in  terms  of  the  stream 
function, and cross – differentiating the Eqs.(3) and 
(4) to reduce the number of equations and eliminate 
the  pressure  terms,  and  substituting  for  (ρ)  from 
Eq.(1),  a  new  set  of  equations  is  obtained  with 
independent variables ψ, ω and T:
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     Now, The mathematical problem 
formulated above was placed in dimensionless 
form by defining the new dimensionless 
variables [5]:
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            Inserting  all  the dimensionless  variables 
into Eqs.(12) to (16), yield the following final non 
– dimensional equations:
*
* *
ω
y
ψ
x
ψ
 





2 *
2
2 *
2
                                                                                          
*
G *
*
3
*
*
2
*
*
1 *
2 *
* 2
2 *
* 2
*
*
*
*
*
*
*
*
*
S
x
S
4
y
S
x
S
Pr
y
ω
x
ω
Pr
y
ω
x
ψ
x
ω
y
ψ

























] [
] [
                     
2
2
2
2
* * * *
*
* *
*
y
θ
x
θ
y
θ
x
ψ
x
θ
y
ψ















where;     
*
*
2 * 2 *
* 4
4 *
* 4
4 *
* 4
* *
G
x
θ
Ra Pr
y x
ψ
2
y
ψ
x
ψ
Pr S



 







 ] [
                                                       
2
2
2
2
2
3
3
2
3
1
)) ( ( 1 *
*
*
*
*
*
* *
*
*
x
ψ
y
ψ
NE
x
ψ
y x
ψ
S









 

                                                                                 
2
2
2
2
2
2
3
3
3
2
)) ( ( 1 *
*
*
*
* *
*
*
*
*
x
ψ
y
ψ
NE
x y
ψ
y
ψ
S






 




                                                                                 
2
2
2
3
3
)) ( ( 1 * *
*
* *
*
*
y x
ψ
NE
y x
ψ
S
 


 

                                                                                        
α ρ
AB
Pr
o
 * is  the  modified  Prandtl  number.                                                        









 



B.C.2 for  number  Rayleigh modified the is
B.C.1 for  number  Rayleigh modified the is
) (
     
αk AB
βL ρ
Nu Ra Ra
       
ABα
T T βL ρ
Ra
Ra
4
o
E
*
E
c h
3
o
E
q g
g
2 L
B α
NE        is  the  non- dimensional 
parameter of Prandtl – Eyring model.
          The  physical  quantities  of  interest  in 
this  problem  are  the  local  Nusselt  number 
along the heated wall [6], defined by:  
) ( c h T T k
qL
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                                                                                                  
and also the average Nusselt number, which is 
defined as:
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3. Numerical Method :
          Numerical  methods  have  been 
developed  to  handle  problems  involving 
nonlinearities  in the describing equations, or 
complex  geometries involving  complicated 
boundary  conditions. A non-uniform finite-
difference  technique  is  applied  to  solve  the 
governing  equations.  These  three  equations 
(Eqs.(17), (18), and (19)) are to be solved in a 
given region subject to the condition that the 
values  of  the  stream  function,  temperature, 
and  the  vorticity,  or  their  derivatives,  are 
prescribed  on  the  boundary  of  the  domain.
The  finite  difference  approximation  of  the 
governing  equations  was  based  on  dividing 
the  ( 1 0
*   x )  interval  into  (m) equal 
(17)   
(18)
(19)   
(20)
(21)
(22)   
(23)
(24)
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segments separated by (m+1) nodes. Likewise, the 
(
* y ) interval was divided into (n) segments, regular 
and irregular meshes are result as shown in Figs.(3 
&  4).  Regular  mesh  has  been  covered  most  the 
triangular region except  for  the region near from 
the inclined wall, which was covered with irregular 
mesh.  Assume  that  unknown  variable  f(x,y)
possesses  continuous  derivatives,  so  the 
approximation  of  second  derivative  of  (f) to 
determine interior point are [2]: 
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where,  (a)  and  (b)  are  factors  representing  the 
degree of non – uniformity and the values of these 
factors equal to (1) for regular mesh, and calculated 
from equation of line for irregular mesh. And;
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          The usual procedure for obtaining the form 
of partial differential equation with non - uniform 
finite-difference method [7]  is to approximate all 
the partial derivatives in the equation by means of 
their  Taylor  series  expansions.  Eq.(17)  can  be 
approximated  using  central  – difference  at  the 
representative interior point (i,j), thus, Eq.(17) can 
be written for regular mesh as:
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           Also, a central – difference formulation 
can be used for Eqs.(18), and (19). But this 
problem will need to be solved for reasonably 
high values of modified Rayleigh numbers; it 
is known that such a formulation may not be 
satisfactory  owing  to  the  loss  of  diagonal 
dominance in the sets of difference equations, 
with  resulting  difficulties  in  convergence 
when using an iterative procedure. 
          A forward – backward technique can be 
introduced to maintain the diagonal 
dominance coefficient of (ωi,j) in Eq.(18) and 
(θi,j) in Eq.(19) which determines the main 
diagonal elements of the resulting linear 
system; this technique is outlined as follows 
[8]:
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and Eq.(19) by: 
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           To  assure  the  diagonal  dominance  of  the 
coefficient  matrix  for  ) j i,
*
j i, θ ω ( and ) ( ,  which 
depends on the sign of (γ ) and (β) , Eqs.(18) and 
(19)  are  expressed  in  the  following  difference 
forms:   
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            An under – relaxation technique can 
be applied to accelerate the convergence of 
Eq.(30); the expression is used in this 
technique presented in the following : 
) ( ) ( ) ( computed ω Fv ω Fv ω
*
j i,
k * 
j i,
k * 
j i,   
 1
1                            
Where (Fv) is the relaxation factor for the 
vorticity. The value of this relaxation factor is 
in the range of (0 to 2) [2].
            In  order  to  obtain  results  of  the 
conservation equations, The above equations
(Eqs.(27), (30), and (31)) are subjected to the 
following boundary conditions [9]:
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: Case (II)
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Also, the following finite difference equation for 
the vorticity at a wall is adopted as the boundary 
condition for the vorticity equation (see Fig. (2)):   
            For inclined wall      
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            The numerical work starts with giving the 
distributions of stream function and temperature for 
natural  convection  as  the  zeroth-order 
approximation. Then,  obtain  the  zeroth-order 
approximation  of  vorticity:  no  flow  and  pure 
conduction.  Based  on  these  old  fields,  equation 
(٢٧) is used  to  determine point-by-point the  new  
(
*  )  field, and equation (٣٠) is used to determine 
the new (
*  ), while the energy  equation (31) is 
used  to    determine    the    new    (θ  )  field.    The 
iteration process is terminated under the following 
condition:
5
,
,
1
,
, ,
1 10
      
J i
j i
r
J i
j i
r
j i
r                                                                                  
where,  ( )  stands  for  either  (    or , ,
* * );  (r) 
denotes the iteration step.
          Before  starting  the  computational 
solution, the grid independence of the results 
must be tested. Thus, numerical experiments 
have  been  carried  out  to  solve  a  two  –
dimensional convection problem in which the 
non – dimensional parameter (NE = 0). The 
modified Prandtl number in this test is set to 
be  (6.7),  while  the  grid  size  varies  from 
(10×10)  to  (60×60)  for  different  values  of 
modified  Rayleigh  number  as shown  in 
Fig.(5).  It  is  found  that  the  change  in  the 
Nusselt number for grid size of (35×35) and 
(45×45) is less than (0.9) percent for the range 
of  modified  Rayleigh  number 
(
5 3 10 10   E Ra ). Therefore, the number of 
grid  that  is  adopted  in  the  present  study  is 
(35×35) for all four cases. The number of grid 
was  selected  as  a  compromise  between 
accuracy and speed of computation.
4. Results And Discussion :-
Case (I) :- Triangular enclosure under B.C.1
a-Temperature and Flow Fields:
            The  contour  lines  of  the  temperature 
distribution  and  flow  fields  for  different 
values of system parameters are presented in 
Figs.(6) to (9). For conduction regime (i.e.  at 
E Ra < 10
3 and  NE <  1),  the  isotherms  are 
almost straight lines. However, the buoyancy 
induced flow at  E Ra ≥ 10
3 or NE ≥ 1 changes 
the direction of the isotherms, and, as a result, 
clockwise  convective  motion  is  formed,  as 
shown in Figs.(6 & 8). It is observed that as 
the  E Ra or NE increases more, isotherms shift 
towards the hot wall, see Fig.(7). The shift is 
(32)
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more  pronounced  as  the  E Ra increase  more  and 
more,  as  shown  in  Fig.(9).  This  results  in  the 
asymmetry of the temperature field in the core. It 
can also be seen that as  E Ra or NE increases, the 
change  in  temperature  with  respect  to  height, 
reduces in the lower portion of the enclosure, but 
increases faster in the upper portion. Furthermore, 
the temperature gradient near the hot wall increases 
rapidly as the  E Ra increases. The behavior is just 
the reverse near the cold wall. 
            For a given Pr* and NE, an increase in  E Ra
results in a thicker cold layer near the bottom wall 
and  a  high  temperature  field  near  the  top  edge 
(Figs.(7a & 9a).             
            The growth of the boundary layers on the 
inclined walls are also observed to be affected by a 
variation in  E Ra , Pr* and NE. The increase in NE
at  a  fixed  E Ra is  seen  to  increase  the  rate  of 
boundary  layer  growth  on  the  hot  wall.  This 
behavior is reversed on the cold wall. The net result 
is  a  shift  of  the  core  toward  the  cold  wall  and 
toward the top edge of the heated wall. This shift is 
further strengthened if there is an increase in  E Ra
or NE. Generally higher convective velocities in the 
lower left – hand corner are produced as a result of 
the shift. Also, the horizontal velocity in the upper 
region is much higher as compared to that in the 
lower region for increased values of  E Ra or NE. 
            Fig.(10)  represents  the  variation  of  ψmax
with  E Ra for different values of NE and Pr*=10. It 
is seen that the value of ψmax increases and reaches 
the peak value at  E Ra = 10
5, for NE.=10.
            Fig.(8a)  shows  the  streamlines  at 
E Ra =10
5,  Pr* =  1 and  NE =0.  The  flow 
consists  of  one  large  cell  rotating  in  the 
enclosure. It also shows the flow slowly rises 
along the heated wall, turning the edge at the 
top of the enclosure, and slowly slides along 
the cooled wall.
b-Heat Transfer Coefficient:
            To  understand  the  heat  transfer 
process by natural convection, it must be to 
evaluate the heat transfer coefficient (h), but 
to make the present work having generality, 
the  calculated  results  must  be  in 
dimensionless  form.  Therefore,  it  must  be 
needed to evaluate Nusselt number (Nu) as a 
function  of  influence  parameters.  Fig.(11) 
shows the variation of  a Nu versus  E Ra with 
different values of  NE and Pr*=10 on the hot 
wall  of  the  enclosure.  It  is  clear  that a Nu
equal  to  (3.253)  in  the  conduction  regime. 
This is mainly due to the very small distance 
between  the  isothermal  walls  in  the  upper 
region  of  the  triangular  enclosure,  which 
allow more heat flow rate to transfer along it. 
Also,  the  depth  of  the  layer is  thin  and  the 
slope of the inclined wall is large. It is also 
seen  that  for  range  of  modified  Rayleigh 
number  before  (10
3), the  rate  of  increase in 
a Nu against  RaE for  different  values  of  NE
and  a  fixed  Pr* is  relatively  small.  But, 
a Nu increases  rapidly  as  NE increases  for 
RaE0≥  10
3  expressing  the  increase  of 
convective heat transfer. It is also noticed that 
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the effect of NE on  a Nu is more pronounced as the 
RaE numbers increase.     
Case (II) :- Triangular enclosure under B.C.2
a-Temperature and Flow Fields:
            Figs.(12) to (17) show the contour lines of 
the temperature distribution and flow fields for the 
present case.
             For low 
*
E Ra ,  the isotherms  in the lower 
region  are  almost  parallel  for  a  large  part  of  the 
inclined wall indicating that a substantial amount of 
energy  is  rejected  on  this  part  when  the 
*
E Ra is 
small.  However,  the  heat  transfer  on  this  surface 
decreases  with an increase in 
*
E Ra which clearly 
implies  that  the  effect of  the  lower  portion 
boundary  condition  diminishes  with  higher 
velocities or higher 
*
E Ra , as shown in Figs.(13 & 
15). 
            As  the 
*
E Ra or  NE increases,  the 
temperature in the lower portion of the enclosure 
decreases while that in the upper region increases. 
The stratification in the upper layers is, thus, more 
strength  than  that  occurs  in  case  (I)  as  show  in 
Figs.(9d) and (17d), this because of the change in 
the  boundary  condition  at  enclosure  walls  from 
(B.C.1) to (B.C.2), which allow less heat flow rate 
to transfer along the lower part of isothermal wall. 
            As 
*
E Ra increase more, or NE increase for 
high  values  of 
*
E Ra ,  results  in  the  stable  of  the 
stratification area near the top edge and decreased 
θmax respectively.  In  Fig.(15d),  the  isotherms 
become parallel for large part of inclined wall in 
the upper region indicating that a large amount of 
energy is rejected along it. As
*
E Ra increase more 
and more, or NE increase for high values of 
*
E Ra   the temperature and flow field modified, 
and the stratification layer concentrated in the 
small  region  near  the  top  edge  of  the 
enclosure, as presented in Fig.(17d).
            The  natural  of  the  convection  cell, 
Initially (i.e. at 
*
E Ra = 10) the flow consists of 
a  single  cell  filling the  entire  enclosure  and 
rotating  slowly  in  the  clockwise  direction. 
However, an increase in 
*
E Ra or NE results in 
changing the flow pattern from unicellular to 
multicellular  flow.  Fig.(16d)  shows  the 
streamlines at 
*
E Ra = 10
5, NE = 1, and Pr* = 
10. This flow exhibits two counter – rotating 
cells,  each  covering  half  of  the  enclosure. 
Both  components  have  the  same  maximum 
magnitude (ψmax = 14.2), but are of opposite 
sign indicating an opposite direction of flow. 
These  two  cells  are  symmetric  about  the 
center  line  of the  enclosure.  The convective 
velocity near the wall is lower than that along 
the line of symmetry. Fig.(18) represents the 
variation  of  ψmax    with 
*
E Ra for  different 
values of NE and Pr*=10.
            Furthermore,  the  isotherms  are 
symmetric  about  the  vertical  line  at  x.=.0.5, 
and the maximum temperature always occurs 
at  the  middle  of  the  lower  wall,  and  is  a 
function of 
*
E Ra , NE, and Pr*.
b-Heat Transfer Coefficient:
            The  average  Nusselt  number  as 
defined by Eq.(26) is presented in Fig.(19). It 
is  seen  that  for 
*
E Ra and  NE are  less  than 
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(10
4) and (1) respectively, the rate of increase in 
a Nu is  relatively  small.  Then,  a Nu increases 
rapidly  as 
*
E Ra or  NE increases  expressing  the 
existence and increase of convective heat transfer. 
As already indicated by the temperature field, the 
average  Nusselt  number  for  the  present  case  is 
higher than that for the case (I) for the same given 
condition.
            Finally,  Four  correlation  equations  have 
been predicted depending on variation of  modified 
Rayleigh  number,  modified  Prandtl  number,  and 
non – dimensional  parameter  of  the  Prandtl –
Eyring model  for  both  two  cases,  by  using  least 
square method.    
Case  (I): Triangular  enclosure  under  B.C.1                                                                                                                                                           
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Case  (II): Triangular enclosure  under  B.C.2                                
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The above correlations are acceptable in the range 
of  modified  Rayleigh  number  (10
2 to  10
5), 
modified  Prandtl  number  (1  to  100),  and  non  –
dimensional parameter ( NE= 0 to 10 ).                                       
      To  ensure  that  these  approximation 
correlations  are  usable,  the  coefficient  of 
determination (R) had been obtained for each 
equation.    The  minimum  value  of  (R)  was 
(0.874),  that  means  these  approximate 
equations are good for predicting the value of 
average  Nusselt  number. Figs.(20) and  (21)
show the comparison between numerical and 
predicted  results.  Agreement  between 
numerical  and  predicted  is  close,  although 
most  the  predicted  points  lie  near  the 
theoretical line.       
٥. Conclusions :-
    The main conclusions of the present work
are:
1- For the two cases that have been solved, it 
has  been  demonstrated  that  the  average 
Nusselt  number    is  a  strong  function  of 
modified Rayleigh number, non – dimensional 
parameter (NE), and modified Prandtl number, 
also  the  results  show  the  average  Nusselt 
number:
a- Increases  as  (Ra)  increases,  for  a  given 
values of (NE) and (Pr*).
b- Increases as (NE) increases except for (NE
>
0.1) at (Ra ≥10
5), for a given value of (Pr*).
c- a Nu for  the  second case  of  thermal 
boundary conditions (B.C.2) is always higher 
than for the first case (B.C.1).                                                    
2- For large  modified  Rayleigh  number,  the 
non  – dimensional  parameter  (NE)  of  the 
Prandtl  – Eyring  model  has,  for  a  given 
modified  Rayleigh  and  Prandtl  numbers,  a 
large effect on the heat transfer rate, while for 
small (Ra), it does not have much effect on 
(33)
(34)
(35)
(36)
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the  heat  transfer  because  in  this  situation,  the 
convection is very weak and the dominant mode of 
energy transfer is conduction. 
3- In  the  first  case  of  the  boundary  conditions 
(B.C.1), the flow is mainly single cell flow, while 
in the second case (B.C.2), the flow consist of two 
counter-rotating  cells,  each  covering  half  of  the 
enclosure. 
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Fig.(2) Nodes used to obtain vorticity at the inclined wall.
Fig.(3) Regular mesh .
Fig.(4) Irregular mesh.
Fig.(5) Variation of  Nusselt  number with 
the number of grid points for different
modified Rayleigh  number.   Case (I) .
                 (a)                                                 (b)
                 (c)                                                 (d)
Fig.(6)  Pattern  of  streamlines  for  RaE =10
3  and 
Pr
*=10. (a) NE=0, (b) NE=0.1, (c) NE=1, (d) NE=10.
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                 (a)                                                 (b)
                   (c)                                                (d)
Fig.(7) Pattern of isotherms for RaE =10
3 and Pr
*=10. (a) 
NE=0, (b) NE=0.1, (c) NE=1, (d) NE=10.    Case (I)  
                 (a)                                                  (b)
                  (c)                                                 (d)
Fig.(8)  Pattern  of  streamlines  for  RaE =10
5 and  Pr
*=1. 
(a)NE=0, (b)NE=0.005, (c)NE=0.05, (d)NE=0.1. Case (I)            
          
                  (a)                                                 (b)
                   (c)                                                (d)
Fig.(9) Pattern of isotherms for RaE =10
5 and Pr
*=1. 
(a)NE=0, (b)NE=0.005, (c)NE=0.05, (d)NE=0.1. Case 
(I)     
ψmax   
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Fig.(10) Variation of  max ) ( with the RaE for    
different values of NE and Pr*=10.  Case (I)
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                (a)                                                 (b)
                 (c)                                               (d)
Fig.(12) Pattern of streamlines for Ra
*
E =10
4 and Pr
*=10. 
(a) NE=0, (b) NE=1, (c) NE=6, (d) NE=10.  Case (II)           
                 (a)                                                (b)
                  (c)                                                 (d)
Fig.(13)  Pattern  of  isotherms  for  Ra
*
E =10
4 and 
Pr
*=10. (a) NE=0, (b) NE=1, (c) NE=6, (d) NE=10.  
Case (II)            
                   (a)                                                 (b)
                     (c)                                              (d)
Fig.(14)  Pattern  of  streamlines  for  Ra
*
E =10
5 and 
Pr
*=1. (a) NE=0, (b) NE=0.1, (c) NE=0.5, (d) NE=1.  
Case (II)
                    (a)                                                (b)
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Fig.(11) Variation of  a Nu with the RaE for 
     different values of NE and Pr*=10.  Case(I)
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                    (c)                                                (d)
Fig.(15) Pattern of isotherms for Ra
*
E =10
5 and Pr
*=1. (a) 
NE=0, (b) NE=0.1, (c) NE=0.5,   (d) NE=1. Case (II)   
  
  
  
  
  
  
  
  
  
                   (a)                                                 (b)
  
  
  
  
                    (c)                                                 (d)
Fig.(16)  Pattern  of  streamlines  for  Ra
*
E =10
5 and 
Pr
*=10.(a)NE=0,(b)NE=0.1,(c)NE=0.5,(d)NE=1.Case(II)   
                   (a)                                                 (b)
      
                    (c)                                                (d)
Fig.(17) Pattern of isotherms for Ra
*
E =10
5 and 
Pr
*=10. (a) NE=0, (b) NE=0.1, (c) NE=0.5,   (d)
NE=1.  Case (II)            
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Fig.(18) Variation of  max ) ( with the  *
E R for
different values of NE and Pr*=10.  Case(II)
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E R for
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Fig.(20)0Numerical results vs. Predicted 
results of correlation equation.   Case (I)   
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Fig.(21)0Numerical results vs. Predicted 
results of correlation equation.   Case (II)   
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راﺮﺤﻟا لﺎﻘﺘﻧا ﻞﻜﺸﻟا ﺚﻠﺜﻣ ﻖﻠﻐﻣ ﻂﺳو ﻲﻓ ﺔﯿﻧﻮﺗﻮﯿﻧ ﺮﯿﻏو ﺔﯿﻧﻮﺗﻮﯿﻧ ﻊﺋاﻮﻤﻟ ﻲﻗﺎﺒﻄﻟا ﻲﻌﯿﺒﻄﻟا ﻞﻤﺤﻟﺎﺑ ة   
  
  
د .  يﺪﮭﻣ سﺎﺒﻋ ءﻼﻋ   
 ﺔﺳﺪﻨﮭﻟا ﺔﯿﻠﻛ –   ﺔﻓﻮﻜﻟا ﺔﻌﻣﺎﺟ
ﺔﯿﻜﯿﻧﺎﻜﯿﻤﻟا ﺔﺳﺪﻨﮭﻟا ﻢﺴﻗ   
  
  
  ﺔـــــــــــﺻﻼﺨﻟا   :   
        ﺚﺤﺒﻟا اﺬھ ﻲﻓ  ,                 ﻲ  ﻌﯿﺒﻄﻟا ﻞ  ﻤﺤﻟﺎﺑ ةراﺮ  ﺤﻟا لﺎ  ﻘﺘﻧﻻ ﺔ  ﯾدﺪﻋ ﺔ  ﺳارد ءاﺮ  ﺟإ ﻢ  ﺗ     ﻲﻗﺎ  ﺒﻄﻟا   ا ﻟ           ﺔ  ﯿﻧﻮﺗﻮﯿﻧ ﻊ  ﺋاﻮﻤﻟ ﺪ  ﻌﺒﻟا ﻲﺋﺎ  ﻨﺛ ﺮﻘﺘ  ﺴﻤ     ﺮ  ﯿﻏو –  
ﺔﯿﻧﻮﺗﻮﯿﻧ    ﻖﻠﻐﻣ ﻂﺳو ﻲﻓ ﺚﻠﺜﻣ   ﺸﻟا رﻮﺤﻤﻟا ﻲﻟار دﺪﻌﻟ ﻊﺳاو ىﺪﻣ ﻦﻤﺿ ﻞﻜ   ) 10
2 ≤ Ra ≤ 10
5  (        ﻲ  ﺿﺎﯾﺮﻟا ﻞ  ﯾدﻮﻤﻠﻟ يﺪ  ﻌﺑ ﻼﻟا راﺪﻘﻤﻠﻟو
) Prandtl – Eyring  (  ﻦﻣ ﺪﺘﻤﯾ ) 0.≤.NE≤ 10  ( رﻮﺤﻤﻟا ﻞﺘﻧاﺮﺑ دﺪﻌﻟو    ىﺪﻤﻟا ﻲﻓ ﺬﺧأ ) Pr* =1,10, and 100  .( ضﺮﺘﻓا    ﻦﻣ نﺎﻋﻮﻧ
ﺔﯾﺪﺤﻟا فوﺮﻈﻟا  . لوﻷا  ,  نارﺪﺠﻟا نﻮﻜﺗ ﺎﻣﺪﻨﻋ ﺔﻠﺋﺎﻤﻟا   ﺟرد ﻰﻟإ ﺔﻨﺨﺴﻣ لوﺰﻌﻣ ﻲﻠﻔﺴﻟا راﺪﺠﻟاو ﺔﻤﻈﺘﻨﻣو ﺔﻔﻠﺘﺨﻣ ةراﺮﺣ تﺎ  . ﻲﻧﺎﺜﻟا  ,    ﺎﻣﺪ  ﻨﻋ
   نارﺪ  ﺠﻟا ﺎﻤﻨﯿﺑ ﺖﺑﺎﺛ يراﺮﺣ رﺪﺼﻤﺑ ﻦﺨﺴﻣ ﻲﻠﻔﺴﻟا راﺪﺠﻟا نﻮﻜﯾ   ﺔ  ﻠﺋﺎﻤﻟا             ﺔ  ﺘﺑﺎﺛو ﺔ  ﻀﻔﺨﻨﻣ ةراﺮ  ﺣ ﺔ  ﺟرد ﺪ  ﻨﻋ  .          كﻮﻠ  ﺳ نﺄ  ﺑ ضﺮ  ﺘﻓا ﻚﻟﺬ  ﻛ
ﺮﯿﻏ ﻊﺋاﻮﻤﻟا –   ﺔﯿﻧﻮﺗﻮﯿﻧ    ﻲﺿﺎﯾﺮﻟا ﻞﯾدﻮﻤﻠﻟ ﻊﻀﺨﯾ ) Prandtl – Eyring   .(  ﺔﺘﺑﺎﺜﻟا ةراﺮﺤﻟا تﺎﺟرد طﻮﻄﺧ ﺔﻟﻻﺪﺑ ﺔﺳارﺪﻟا ﺞﺋﺎﺘﻧ ﻞﯿﺜﻤﺗ ﻢﺗ
ﺰﯿﺤﻟا ﻲﻓ نﺎﯾﺮﺠﻟاو ةراﺮﺤﻟا ﺔﺟرد كﻮﻠﺳ نﺎﯿﺒﻟ بﺎﯿﺴﻧﻻا طﻮﻄﺧو  . ﻞﺜﻤﺗ ىﺮﺧأ ﺔﯿﻧﺎﯿﺑ تﺎﻣﻮﺳر ﻰﻟإ ﺔﻓﺎﺿﻹﺎﺑ    ﻊﻣ ﺖﻠﺴﻧ دﺪﻋ لﺪﻌﻣ ﺔﻗﻼﻋ
تاﺮﯿﻐﺘﻤﻟا   هﻼﻋأ ةرﻮﻛﺬﻤﻟا  . نإ      يﺪ  ﻌﺑ ﻼﻟا راﺪﻘﻤﻟا ﺮﯿﺛﺄﺗ ﺖﻨﯿﺑ ﺔﯿﻟﺎﺤﻟا ﺔﺳارﺪﻟا ) NE  (         ةراﺮ  ﺤﻟا ﺔ  ﺟردو ﺔﻋﺮ  ﺴﻟا ﻰ  ﻠﻋ  .        دﺪ  ﻋ نإ ﺖ  ﻨﯿﺑ ﻚﻟﺬ  ﻛ
ﺖﻠﺴﻧ   رﻮﺤﻤﻟا ﻲﻟار دﺪﻋ ﻦﻣ ﺔﯾﻮﻗ ﺔﻟاد ﻮھ   ﻤﻟا ﻞﺘﻧاﺮﺑ دﺪﻋو رﻮﺤ   ﻼﻟا راﺪﻘﻤﻟاو .  يﺪﻌﺑ ) NE  ( ﺔﯾﺪﺤﻟا فوﺮﻈﻟاو   .          ﺔ  ﯿﺒﯾﺮﻘﺗ تﺎ  ﻗﻼﻋ دﺎ  ﺠﯾإ ﻢ  ﺗ
ﯾد ﺎﻤﺘﻋا ﻞﺜﻤﺗ ﺔ   ﻣ ﺖﻠﺴﻧ دﺪﻋ لﺪﻌ   رﻮﺤﻤﻟا ﻞﺘﻧاﺮﺑ دﺪﻋ ﻰﻠﻋو رﻮﺤﻤﻟا ﻲﻟار دﺪﻋ ﻰﻠﻋ    يﺪﻌﺑ ﻼﻟا راﺪﻘﻤﻟاو ) .(NE        
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